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METHOD FOR DETERMINING
INTEGRATED NETWORK LOSS RATE IN
UHV AC CROSS-REGIONAL ELECTRICITY
TRADING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation application of Interna-
tional Patent Application No. PCT/CN2014/0866779, filed

Sep. 17, 2014, entitled “METHOD FOR DETERMINING
INTEGRAT JD NETWORK LOSS RATE IN ULTRA-

HIGH VOLTAGE ALTERNATING CURRENT CROSS-
REGIONAL ENERGY TRADE,” by Ting Hu et al., which
itsell claims the priority to Chmese Patent Apphcatlon No.

201310700875.8, filed Dec. 18, 2013, 1n the State Intellec-
tual Property O ﬁce of P.R. China, entitled “METHOD FOR
DETERMINING INTEGRATED NETWORK LOSS RATE
IN ULTRA-HIGH VOLTAGE ALTERNATING CURRENT
CROSS-REGIONAL ENERGY TRADE,” by Ting Hu et al.,
which are hereby incorporated herein 1n their entireties by
reference.

FIELD OF THE INVENTION

The present mnvention relates to a method for determining
an integrated network loss rate in UHV AC cross-regional
clectricity trading, and belongs to the field of line loss
management and trading settlement related to UHV elec-
tricity trading.

BACKGROUND OF THE INVENTION

The background description provided herein 1s for the
purpose ol generally presenting the context of the present
invention. The subject matter discussed 1n the background of
the 1nvention section should not be assumed to be prior art
merely as a result of its mention 1n the background of the
invention section. Similarly, a problem mentioned 1n the
background of the invention section or associated with the
subject matter of the background of the mvention section
should not be assumed to have been previously recognized
in the prior art.

China has a vast geographic area, and energy resources
and electricity loads are distributed very unevenly. The
developments of astrong smart grids of ultra-high voltages
(UHV) as a backbone network frame can implement cross-
regional, long-distance, high-power electric power transmis-
sions and exchanges, and optimization of wide-range power

resource distributions. An UHV grid refers to a 1000 kV AC
orid or £800 kV DC gnd, which 1s characterized by high
voltages, great power, small losses, long power transmission
distances and a single circuit structure. In China, UHV
projects that have been put into operation at present include
the southeastern Shanxi-Nanyang-Jingmen 1000 kV UHV
AC test and demonstration project, the Sichuan (Xi-
angjiaba)-Shanghai +800 kV UHYV DC transmission project,
and the Jinping-South Jiangsu +800 kV UHV DC transmis-
s10n project.

The network loss rate 1s defined as system loss increment
caused by power consumption or transmission of per unit
increment under particular time and operation manner. The
UHYV mtegrated network loss rate can be calculated through
the total loss of power (including a line loss, a transformer
loss, and further including a convertor station loss for DC
transmission) divided by the power-giving/outputting at the
starting node/port 1n the system. The trading network loss 1s
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2

one of the main trading costs, in planning and trading
settlement of UHYV cross-regional electricity trading, eflects
of the network loss on the trading plan and settlement cost
must be taken into account, it 1s necessary to correct or
reduce the settlement power or bid price according to the
s1ze of the mtegrated network loss rate planned value. Thus,
the method for determining the UHV integrated network
loss rate planned value 1s scientific and reasonable directly
relates to economic interests of the parties of the trading, and
close attention 1s paid thereto by trading related parties.

At present, a theoretical calculation method of UHV AC
integrated network loss rates uses a power system analysis
program recognized in this field, for example, a power
system analysis synthesis program (PSASP) developed by
China’s electricity academy, to make load flow calculation
on an actual system (the load flow calculation 1s calculation
of determining steady runming state parameters of respective
parts of the power system according to a given grid struc-
ture, parameter and generator, load and other elements’
operating conditions), to obtain powers passing through the
UHV AC line and the beginning and the end of the trans-
former, and then calculate theoretical values of integrated
network loss rate corresponding to different transmitting
powers of the UHV AC line. For high-voltage and long-
distance transmission lines, power loss thereol mainly
includes two parts: one 1s resistive loss, which 1s caused by
heating of line resistance and 1s a function of line resistance,
wire length and line current; the other 1s corona loss, which
1s caused by corona discharge formed by 1onization of air
around the wire under the action of a strong electric field and
1s allected by meteorological condition, conductor selection,
operating voltage and other factors, where the corona loss 1s
represented by ground conductance 1 a transmission line
model. As line-to-ground parameters 1n an AC line model of
a related program such as PSASP only takes shunt capaci-
tance ito account and omits ground conductance, ii the
integrated network loss rate 1s calculated directly using the
result of the load flow calculation of the related program
such as PSASP, actually only the resistive loss of the line 1s
taken into account, but the corona loss of the line 1s not
considered, the corona loss of the line at 110 kV or ther-
cbelow 1s very tiny and can basically be 1gnored, however,
as the corona loss 1s directly proportion to the square of the
voltage, the corona loss of EHV and UHV AC power
transmission has been a greater value and must be consid-
ered. Therefore, the theoretical calculation value of the UHV
AC 1ntegrated network loss rate obtained through the related
program such as PSASP defimitely has certain errors due to
not considering the corona loss of the line.

The method for calculating the actual value of the UHV
AC mtegrated network loss rate uses gateway power statis-
tical data of a certain time period 1n actual project practice
to calculate the integrated network loss rate, and the calcu-
lation result 1s more precise; however, as measurement
accuracy, calculated error and other factors of a metering
device, also have a certain error, and the method 1s calcu-
lated afterwards, in consideration of timeliness of trading
settlement, the method cannot be directly applied to plan-
ning and tradmg settlement of UHYV cross-regional electric-
ity trading.

At present, 1n the planning and trading settlement of UHYV
cross-regional electricity trading, a method for determining
a planned value of the integrated network loss rate has yet
not existed, and a common method 1s setting a single fixed
network loss rate. By taking the southeastern Shanxi-Nan-
yvang-Jingmen 1000 kV UHV AC test and demonstration
project as an example, the project starts from a transformer
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substation 1n southeastern Shanxi (Changzhi), via a trans-
former substation 1n Nanyang, Henan, and terminates at a

transformer substation i Jingmen, Hube1, connects power
orids 1n two big regions, North China and Central China, and
1s an 1important transmission channel through which the coal
energy center 1n the northwest region transmits power to the
load center 1n the mid-east region, and 1n the transaction
planning and settlement process of the project, the planned
value of the integrated network loss rate 1s uniformly set as
1.5%. Although using a fixed network loss rate 1s simple, the
following problems still exist:

1. The UHV AC mtegrated network loss rate varies with
the change of the UHV transmission power, and the use of
a fixed value has poor accuracy. Inaccurate determination of
the mtegrated network loss rate will directly lead to inac-
curate calculation of the settlement power in the UHV
trading settlement, thereby aflecting fairness of the transac-
tion. It 1s found by statistically analyzing historical data of
the UHV AC demonstration project in the past two years
that, although the UHV AC integrated network loss rate 1s
mostly maintained between 1.4%-1.5%, the minimum net-
work loss rate 1s merely 1.22%, the maximum network loss
rate 1s up to 2.17%, and the current method that plans the
network loss rate as a fixed value regardless of the size of the
UHYV transmission power 1s evidently not reasonable.

2. Scalability and extensibility are lacking. The UHV AC
integrated network loss rate 1s closely related to the trans-
mission power, when the UHV AC actual transmission
power exceeds a historical data range of projection practice,
the mtegrated network loss rate will vary greatly, the net-
work loss rate cannot be corrected quickly according to the
current method, and scalability and extensibility are poor.
With respect to deficiencies of the use of the fixed value as
the planned value of the UHV AC integrated network loss
rate, 1t 1s feasible to consider, in combination with UHV AC
transmission theoretical line loss calculation and actual line
loss rate calculation results, using the least square method or
a method of curve fitting with related software (e.g., Excel,
SPSS, MATLAB) to obtain a function relation between
UHV AC integrated network loss rates and transmission
powers, to seek out a scientific and reasonable method for
determining the planned value of the integrated network loss
rate applied to UHV AC cross-regional electricity trading; as
the UHV AC line network structure 1s relatively simple,
generally, the integrated network loss rate and the transmiut-
ting power present a relationship of quadratic parabola.

Therefore, a heretofore unaddressed need exists 1n the art
to address the aforementioned deficiencies and inadequa-

cies.

SUMMARY OF THE

INVENTION

One of the objectives of the present invention 1s to provide
a method for determining an integrated network loss rate 1n
UHV AC cross-regional electricity trading. The method,
with respect to the problem existing 1n the existing practice
of using a fixed value as the integrated network loss rate 1n
UHV AC electricity trading line loss management and
trading settlement, puts forward fitting a curve relationship
between integrated network loss rates and transmitting pow-
ers on the basis of theoretical calculations of the UHV AC
transmission line loss, then uses a relational fitted curve
between actual values of integrated network loss rates and
transmitting powers calculated according to gateway power
statistical data to perform geometrical average correction on
the original curve, and finally causes planned values of the
integrated network loss rates to be closer to the actual values
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according to a method for determining UHV AC integrated
network loss rates according to a correction curve function
relation, which greatly increases fairness of the trading
settlement. The method of the invention 1s simple and easy
to 1mplement with the high accuracy, and applicable to
planning and power settlement of regular or real-time UHV
AC electricity trading. The invention provides a new idea
and method for operation, management and trading settle-
ment of UHV AC transmission lines.

In one aspect of the invention, the method for determining
an integrated network loss rate in UHV AC cross-regional
clectricity trading comprises the steps of:

(a) by calculation according to the following formula,
obtaining theoretical calculation values M, ......, o 1nte-

grated network loss rates corresponding to different trans-
mitting powers of a UHV AC line, which 1s:

ﬁpﬁ + ﬁPC + QPT
Hiheoretical = p

wherein P 1s the UHV AC transmitting power, AP, 1s the
resistive loss of the UHV AC line, AP -1s the energy loss for
main transformer of a UHV AC system; AP . 1s the corona
loss of the UHV AC line;

(b) curve-fitting the different transmitting powers of the
UHV AC line and the corresponding theoretical calculation
values M,..rorin O integrated network loss rates by using
the least square method 1n a rectangular coordinate system
where the abscissa 1s the UHV AC transmitting power and
the ordinate 1s the integrated network loss rate, to obtain a
fitted curve n,(P)=a,+b,xP+c,xP~> of relations between the
theoretical calculation values of UHV AC integrated net-
work loss rates and transmitting powers;

(¢) according to gateway power statistical data, determin-
Ing an average transmitting power within respective difler-
ent-duration time periods of the UHV AC system and
obtaining through calculation according to the following
formula an actual calculation valuen_ .. ol the correspond-
ing 1ntegrated network loss rate i each time period, which

1S:

ZSQ(+)+ZRQ( )

ZSQ (+)

Hactual =
Q

wherein AQ) 1s the total network loss power of the UHV AC
system 1n each time period, Q 1s the total power-giving of the
UHV AC system 1n the time period;

5 s

i

1s the sum of power-giving of pressure-side gateways 1n all
UHYV main transiformers in the time period, and

2,70

i

1s the sum of power- recerving of the pressure-side gateways
in all UHV main transformers in the time period;
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(d) curve-fitting the UHV AC average transmitting pow-
ers and the corresponding actual calculation values 1 _ .
integrated network loss rates by using the least square
method 1n a rectangular coordinate system where the
abscissa 1s the UHV AC transmitting power and the ordinate
1s the integrated network loss rate, to obtain a fitted curve
N.(P)=a,+b, x+c,xP* of relations between the actual calcu-
lation values of UHV AC integrated network loss rates and
transmitting powers;

(e) selecting n+1 points, [P, ,n,(P)], [P5, N, (P5)] ... [P
M, (P,)], [P .. NP .,)], from the fitted curve of
relations between the theoretical calculation values of UHV
AC 1ntegrated network loss rates and transmitting powers,

wherein P, 1s the minimum transmitting power of the UHV
AC line, P,_, 1s the maximum transmitting power of the

UHV AC line,

(Pp+1 — Pr)X(i—1)

i

P5=Pl+

1=1, 2, ..., n, n+1; then selecting n+1 points with the same
abscissa, [P, ()], [Pa 1aPo)] - - - P Mo(PI, - - - [P,
N,(P,.,)], from the fitted curve ef relations between the
actual calculation values of UHV AC integrated network
loss rates and transmitting powers, through geometric aver-
age correction, obtaining pemts [P,, Vyn,(P, m-P))], [P

V. (Pl [P VN, (Pom,(P)] [P,
Vn,(P.. . n.(P..,)], on a correction curve, and obtaining by

fitting a correction relation 7, . (P)=a,+bxP+c.xP"
between UHV AC itegrated network loss rates and trans-
mitting powers by using the least square method 1 a
rectangular coordinate system where the abscissa 1s the
UHV AC transmitting power and the ordinate 1s the inte-
grated network loss rate;

(1) for UHV AC ftransmission projects with gateway
power historical statistical data, in transaction planning and
settlement thereof, substituting UHV AC planned average
transmitting powers 1n a transaction time period into the
correction relation m_ . _(P)=a,+b.xP+c,xP*, to obtain
planned values of UHV AC integrated network loss rates; for
UHV AC transmission projects without gateway power
historical statistical data, 1n transaction planning and settle-
ment thereof, substituting a UHV AC planned average
transmitting power 1 a transaction time period into a
theoretical calculation value fitted curve function relation
n,(P)=a,+b,xP+c,xP>, to obtain calculating values of UHV
AC mtegrated network loss rates.

In one embodiment, a method of dividing the respective
time periods 1n step ¢ 1s: recording changes of the UHV AC
transmitting powers with hour data on the hour, the trans-
mitting power of the starting hour on the hour 1n each time
period being an initial power, and when varying amplitude
ol the transmitting power of the subsequent hour on the hour
reaches a % (a value between 5% and 10%) of the initial
power, entering into next time period.

In one embodiment, the n in step (e) is € {20, 21,
22, ... 200}.

According to the present invention, the method has,
among other things, the following advantages:

1. Curve fitting 1s performed based on line loss theoretical
calculation, correct of an actual value fitted curve calculated
according to gateway power statistical data 1s taken as an
adjustment means to determined the planned value of the
UHV AC mtegrated network loss rate, avoiding the error
brought about by simply using a certain method. In addition,
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with continuous accumulation of gateway statistical data, 1t
1s feasible to perform continuous deviation correction on the
original fitted curve, which has high accuracy, strong per-
suasion and good reliability.

2. Values of integrated network loss rates 1s determined
according to a function relation between UHV AC integrated
network loss rates and transmitting powers, which can better
reflect a trend that the UHV AC integrated network loss rates
vary with the transmitting powers, overcomes the disadvan-
tage of poor accuracy of the use of fixed planned values of
integrated network loss rates, and greatly reduces the devia-
tion between planned network loss rates and actual network
loss rates, causing UHV AC electricity trading settlement to
be fairer and more reasonable.

3. It 1s not restricted by time, 1t 1s feasible to be used 1n
regular transaction line loss management and trading settle-
ment, 1t 1s also feasible to be applied to real-time transaction,
and the method 1s simple and easy to implement and has
strong practicability.

4. It has better scalability and extensibility. When the
UHV AC transmitting power exceeds the scope of the
original data, it 1s still feasible to rapidly determine the
corresponding integrated network loss rate value according
to the fitted curve.

These and other aspects of the present invention will
become apparent from the following description of the
preferred embodiment taken 1n conjunction with the follow-
ing drawings, although variations and modifications therein
1s affected without departing from the spirit and scope of the
novel concepts of the present invention.

BRIEF DESCRIPTION OF THE

DRAWINGS

The accompanying drawings illustrate one or more
embodiments of the invention and, together with the written
description, serve to explain the principles of the invention.
Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements
of an embodiment. The drawings do not limit the present
invention to the specific embodiments disclosed and
described herein. The drawings are not necessarily to scale,
emphasis 1nstead being placed upon clearly illustrating the
principles of the invention.

FIG. 1 1s a schematic flowchart of a method for deter-
mining an integrated network loss rate in UHV AC cross-
regional electricity trading according to one embodiment of
the 1nvention.

FIG. 2 1s a schematic diagram of a 1000 KV southeastern
Shanxi-Nanyang-Jingmen UHV AC test and demonstration
project according to one embodiment of the invention.

FIG. 3 1s a schematic diagram of a relational fitted curve
of theoretical calculation values of integrated network loss
rates and transmitting powers of a UHV AC demonstration
project according to one embodiment of the invention.

FIG. 4 1s a schematic diagram of a relational fitted curve
of actual calculation values of integrated network loss rates
and transmitting powers of a UHV AC demonstration proj-
ect according to one embodiment of the invention.

FIG. § 1s a schematic diagram of comparison between a
fitted curve of theoretical calculation values, a fitted curve of
actual calculation values and a correction fitted curve of
integrated network loss rates and transmitting powers of a
UHV AC demonstration project according to one embodi-
ment of the mvention.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

The present mvention will now be described more fully
hereinafter with reference to the accompanying drawings, in
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which exemplary embodiments of the present invention are
shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the present
invention to those skilled 1n the art. Like reference numerals
refer to like elements throughout.

The terms used 1n this specification generally have their
ordinary meamngs in the art, within the context of the
present invention, and in the specific context where each
term 1s used. Certain terms that are used to describe the
present invention are discussed below, or elsewhere in the
specification, to provide additional guidance to the practi-
tioner regarding the description of the present invention. For
convenience, certain terms may be highlighted, for example
using 1talics and/or quotation marks. The use of highlighting
and/or capital letters has no influence on the scope and
meaning of a term; the scope and meamng of a term are the
same, 1n the same context, whether or not 1t 1s highlighted
and/or 1n capital letters. It will be appreciated that the same
thing can be said in more than one way. Consequently,
alternative language and synonyms may be used for any one
or more of the terms discussed herein, nor 1s any special
significance to be placed upon whether or not a term 1s
claborated or discussed herein. Synonyms for certain terms
are provided. A recital of one or more synonyms does not
exclude the use of other synonyms. The use of examples
anywhere 1n this specification, including examples of any
terms discussed herein, 1s illustrative only and in no way
limits the scope and meaning of the present invention or of
any exemplified term. Likewise, the present invention 1s not
limited to various embodiments given 1n this specification.

It will be understood that when an element 1s referred to
as being “on” another element, 1t can be directly on the other
clement or intervening elements may be present therebe-
tween. In contrast, when an element 1s referred to as being,
“directly on” another element, there are no intervening
clements present. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed 1tems.

It will be understood that, although the terms first, second,
third, etc. may be used herein to describe various elements,
components, regions and/or sections, these elements, com-
ponents, regions and/or sections should not be limited by
these terms. These terms are only used to distinguish one
clement, component, region or section irom another ele-
ment, component, region or section. Thus, a {irst element,
component, region or section discussed below can be termed
a second element, component, region or section without
departing from the teachings of the present invention.

It will be understood that when an element 1s referred to
as being “‘on”, “attached” to, “connected” to, “coupled”
with, “contacting”, etc., another element, 1t can be directly
on, attached to, connected to, coupled with or contacting the
other element or intervening elements may also be present.
In contrast, when an element 1s referred to as being, for
example, “directly on”, “directly attached” to, “directly
connected” to, “directly coupled” with or “directly contact-
ing” another element, there are no intervening eclements
present. It will also be appreciated by those of skill 1n the art
that references to a structure or feature that 1s disposed
“adjacent” to another feature may have portions that overlap
or underlie the adjacent feature.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of the present mvention. As used herein, the sin-
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gular forms “a”, “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises’ and/or “comprising’, or “includes” and/or
“including” or “has” and/or “having” when used in this
specification specily the presence of stated features, regions,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, regions, integers, steps, operations, elements, com-
ponents, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this mnvention belongs. It will be turther understood

that terms, such as those defined 1n commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and the present invention, and will not be interpreted 1n
an 1dealized or overly formal sense unless expressly so
defined herein.

As used hereimn, “around”, “about”, “substantially” or
“approximately” shall mean within 20 percent, preferably
within 10 percent, and more preferably within 5 percent of
a given value or range. Numerical quantities given herein are
approximate, meaning the terms “around”, “about”, “sub-
stantially” or “approximately” can be inferred 1f not
expressly stated.

As used herein, the terms “comprise” or “comprising”,
“include” or “including”, “carry” or “carrying’, “has/have”
or “having”, “contain” or “containing”’, “involve” or
“mmvolving” and the like are to be understood to be open-
ended, 1.e., to mean including but not limited to.

The description below 1s merely illustrative 1n nature and
1s 1n no way intended to limit the present invention, its
application, or uses. The broad teachings of the present
invention can be implemented 1n a variety of forms. There-
fore, while this disclosure 1includes particular examples, the
true scope of the present invention should not be so limited
since other modifications will become apparent upon a study
of the drawings, the specification, and the following claims.
For purposes of clarity, the same reference numbers will be
used 1n the drawings to 1dentify similar elements. It should
be understood that one or more steps within a method may
be executed in different order (or concurrently) without
altering the principles of the present invention.

Referring to FIG. 1, a flow of a method for determining
an integrated network loss rate in UHV AC cross-regional
clectricity trading 1s shown according to one embodiment of
the present invention. The method comprises the following
steps.

First, at step (a), various typical operating manners rep-
resenting a particular year are selected for theoretical cal-
culation of mtegrated network loss rates, to calculate a
power range that covers smaller values to UHV AC rated
transmitting powers, theoretical calculation values
N oo ©1 INtegrated network loss rates corresponding to
different transmaitting powers of a UHV AC line are calcu-

lated according to the following formula:

ﬁpﬁ + ﬁPC + QPT
Miheoretical = P

wherein: P 1s the UHV AC transmitting power; AP, and AP -
are respectively the resistive loss of the UHV AC line and
the energy loss for main transtormer of a UHV AC system
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calculated through the related program such as PSASP; AP -
1s the corona loss of the UHV AC line, as the corona loss 1s
irrelevant to the line current, 1t 1s a constant relative to the
change of the power and can be estimated in combination
with weather conditions of regions where the UHV AC line
passes and actual measured values of the corona loss under
various weather conditions.

At step (b), the different transmitting powers of the UHV
AC line and the corresponding theoretical calculation values
N oorenes; 1t€Erated network loss rates are curve-fitted by
using the least square method 1n a rectangular coordinate
system where the abscissa 1s the UHV AC transmitting
power and the ordinate 1s the integrated network loss rate, to
obtain a fitted curve m,(P)=a,+b,xP+c,xP> of relations
between the theoretical calculation values of UHV AC
integrated network loss rates and transmitting powers.

At step (¢), according to gateway power statistical data, an
average transmitting power within respective diflerent-du-
ration time periods of the UHV AC system 1s determined and
an actual calculation value m__ . of the corresponding
integrated network loss rate 1n each time period 1s obtained
through calculation according to the following formula,
which 1s:

SO (+)+ > RO:(-)
g 52
Nactual = Q — ZSQI(_I_)

wherein AQ 1s the total network loss power of the UHV AC
system 1n each time period, Q 1s the total power-giving of the
UHV AC system in the time period;

2.5

i

1s the sum of power-giving of pressure-side gateways 1n all
UHYV main transiormers in the time period, and

2RO

]

1s the sum of power-recerving of the pressure-side gateways
in all UHV main transformers 1n the time period.

In one embodiment, a method for dividing the respective
time periods 1s: recording changes of the UHV AC trans-
mitting powers with hour data on the hour, the transmitting
power of the starting hour on the hour 1n each time period
1s an 1nitial power, and when varying amplitude of the
transmitting power of the subsequent hour on the hour

reaches a % (a value between 5% and 10%) of the initial
power, entering into next time period.

At step (d), the UHV AC average transmitting powers and
the corresponding actual calculation values M, ., of inte-
grated network loss rates are curve-fitted by using the least
square method 1n a rectangular coordinate system where the
abscissa 1s the UHV AC transmitting power and the ordinate
1s the integrated network loss rate, to obtain a fitted curve
n.(P)=a,+b,xP+c,xP” of relations between the actual cal-
culation values of UHV AC integrated network loss rates
and transmitting powers.
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At step (e), selecting n+1 poiats, [P,, n,(P;)], [P>, N,
(Po)] - [Py )L - [Py (P, )]s from the fitted
curve of relations between the theoretical calculation values
of UHV AC integrated network loss rates and transmitting
powers, wherein P,1s the minimum transmitting power of
the UHV AC line, P, _, 1s the maximum transmitting power

of the UHV AC line,

N (Pue1 — Pr)x(i—=1)
H 3

P; = P,

1=1, 2, ..., n, n+1; then selecting n+1 points with the same
abscissa, [P, n,(P )], [P, ma(Po)] - oo [Puna(P))s - - [P,
N-(P,.;)], from the fitted curve of relations between the
actual calculation values of UHV AC integrated network
loss rates and transmitting powers, through geometric aver-
age correction, obtaining points, [P,, Vvn,(P,)m-P,], [P-,
\/:rll(P:z)n:z(Pz)] [P v, (Poma(P)), - . Loy
vn, (P, .. m-(P,. )], on a correction curve, and obtaining by

fitting a correction relation 7, (P)=a,, +b,, xP+c,,xP’
between UHV AC integrated network loss rates and trans-
mitting powers by using the least square method 1 a
rectangular coordinate system where the abscissa 1s the
UHV AC transmitting power and the ordinate 1s the inte-
grated network loss rate.

At step (1), for UHV AC ftransmission projects with
gateway power historical statistical data, 1n transaction plan-
ning and settlement thereof, UHV AC planned average
transmitting powers 1n a transaction time period (obtained
by the UHV AC planned transaction power value in the
transaction time period divided by a time length) are sub-
stituted into the correction relation m__ . (P)=a;, +b,,
xP+c,,xP>, to obtain planned values of UHV AC integrated
network loss rates; for UHV AC transmission projects
without gateway power historical statistical data, in trans-
action planning and settlement thereof, substituting a UHV
AC planned average transmitting power 1n a transaction time
period 1nto a theoretical calculation value fitted curve func-
tion relation v,(P)=a,+b,xP+c,xP>, to obtain calculating
values of UHV AC integrated network loss rates.

Without intent to limait the scope of the invention, specific
embodiments of the method of the present invention 1is
further described below 1n details by using the UHV AC
transmission projects in China as examples.

The method for determining an integrated network loss
rate in UHV AC cross-regional electricity trading according
to the present mvention 1s applied to monthly line loss
management and trading settlement of electricity trading of
the southeastern Shanxi-Nanyang-Jingmen 1000 kV UHV
AC demonstration project, and specific implementation
steps are as follows.

As shown 1n FIG. 2, the 1000 kV southeastern Shanxi-
Nanyang-JingmenUHYV AC test and demonstration project
starts from a transformer substation 1n southeastern Shanxi
(Changzhi), via a transformer substation in Nanyang,
Henan, and terminates at a transformer substation in Jing-
men, Hubei. UHV AC line loss theoretical calculation 1s
made by using PSASP developed by China’s electricity
academy, and various typical operating manners represent-
ing a particular year are selected to calculate a power range
that covers smaller values to UHV AC rated transmitting
powers. The result of the UHV AC line loss theoretical
calculation 1s a correction value after corona loss 1s consid-
ered on the basis of the related program calculation result,
reference can be made to the formula (1) for a specific
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calculation method, the line corona loss used in the calcu-
lation 1s estimated according to related document literature
in combination with weather conditions of regions where the
UHV AC demonstration project line passes and actual
measured values of the corona loss under various weather
conditions, the annual mean corona loss power of the UHV
AC line 1s estimated as 14.81 kW/km, the corona loss power
of the long southern line 1s 5.31 MW, the corona loss power
of the South Jingmen line 1s 4.16 MW, and the annual mean
corona loss power of the full line 1s 9.47 MW. The UHV AC
transmitting powers and the corresponding theoretical cal-
culation results of the integrated network loss rates are as
shown 1n the table below:

TABLE 1

Calculation results of theoretical values of integrated
network loss rates and corresponding transmitting

powers of a UHV AC demonstration project

UHV AC transmitting Theoretical values of

power (GW) integrated network loss rates
&0 1.98%
250 1.72%
200 1.57%
130 1.49%
190 1.51%
100 1.63%
380 1.98%
400 2.17%
500 2.86%
580 3.10

A scatter diagram of theoretical calculation values of
UHV AC mtegrated network loss rates and transmitting,
powers drawn according to the data 1n Table 1 1s as shown
in FIG. 3, 1t 1s clear from the figure that the UHV AC
integrated network loss rate presents an evident U-shaped
quadratic curve relation with the change of the transmitting
power, with increase of the UHV AC transmitting power, the
integrated network loss rate first decreases and then
increases, and curve {itting 1s carried out by using the least
square method, to calculate a function expression of the
fitted curve as follows:

N (P)=1.958-0.004P+1.038x10°P*

A variation curve of the UHV AC transmitting powers
recorded with hour data on the hour 1s divided 1nto multiple
segments with different time lengths, and a specific dividing
method 1s: the transmitting power of the starting hour on the
hour 1n each time period being an 1mtial power, and when
varying amplitude of the transmitting power of the subse-
quent hour on the hour reaches 10% of the mitial power,
entering nto next time period. An average transmitting
power within each time period of the UHV AC system 1s
determined according to the gateway power historical sta-
tistical data of the UHV AC demonstration project and the
time lengths of respective segments divided, and actual
calculation values m__. ., of the corresponding integrated
network loss rates 1n each time period are calculated accord-
ing to the formula (2); calculation results are as follows:
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TABLE 2

Calculation results of actual values of integrated network
loss rates and corresponding transmitting powers after
the main transformer in Nanvang i1s put into operation

Time period UHV AC Actual values of
serial transmuitting integrated network

number power (GW) loss rates
1 182.63 1.504%

2 200.26 1.455%

3 236.39 1.609%

4 217.64 1.458%

5 168.23 1.217%

6 103.89 1.573%

7 153.15 1.385%

8 158.19 1.464%

9 169.51 1.409%

10 86.82 1.408%
11 196.20 1.317%
12 208.13 1.417%
13 231.38 1.596%
14 196.56 1.435%
15 234.67 1.428%
16 201.41 1.343%
17 174.04 1.444%
18 92.33 1.757%
19 87.82 1.826%
20 65.34 2.167%

A scatter diagram of actual calculation values of UHV AC
integrated network loss rates and transmitting powers drawn
according to the data 1in Table 2 1s as shown 1n FIG. 4 (two
groups of obviously abnormal data in May and October
2012 are eliminated), and curve {itting 1s carried out also by
using the least square method, to calculate a function expres-
sion of the fitted curve as follows:

No(P)=3.098-0.019P+5.303x10°P?

Geometric average correction 1s performed on the fitted
curve of theoretical calculation values by using the fitted
curve of the actual calculation values of UHV AC integrated
network loss rates and transmitting powers. In consideration
of that AC transmitting powers 1n actual project practice of
the UHV AC demonstration project are mostly maintained at
250 GW or below, the fitted curve of the actual calculation
values during small-power operation is reltively accurate,
while 1n the case of greater opertion power, the fitted curve
of the actual calculation values will genarate a greater error,
at this point, the fitted curve of the theoretical calculation
values will have a better reference value, and thus the
geometric mean of two curves 1s selected as the value on the
correction curve v ... (P); a specific operating method 1s as
follows:

selecting n+1 points, [P,, n,(P,)], [P.n,P;)]. . . [P,
n,(PHl,...[P, ... n,P, )], from the fitted curve of relations
between the theoretical calculation values of UHV AC
integrated network loss rates and transmitting powers,
wherein P, 1s the minimum transmitting power of the UHV
AC line, P, ;, 1s the maximum transmitting power of the

UHV AC line,

(Ppv1 — Pr)x(i—1)
+ ,
1

P; = P,

1=1, 2, ..., n, n+1; then selecting n+1 points with the same
abscissa, [P, m>(Py)], [P2, n2(P2)] - - - [Py ma(P))s - - [P
N-,(P, .,)], from the fitted curve of relations between the
actual calculation values of UHV AC integrated network
loss rates and transmitting powers, through geometric aver-
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age correction, obtaining points, [P, \/rnl(Pl)nz(Pl)], [P,

\{nl(Pz)nz(pz)] [P, vym,(P)n,(P)], . . [P,
v, (P, ., m-(P, . ,)]; comparison among the fitted curve of

theoretical calculation values, the fitted curve of actual
calculation values and the correction fitted curve 1s as shown
in FIG. 5, and the correction curve 1s fitted to obtain a
corresponding function relation:

(P)=2.351-0.0095P+2.564x107°P?

TI correct

In the monthly planning and trading settlement process of
the UHV AC electricity trading, a more accurate UHV AC
planned value of integrated network loss rate can be calcu-
lated only by substituting the monthly planned average
transmitting power (obtained by the UHV AC monthly
planned transaction power value divided by 720 hours) into
the correction function relation vy__,.,._(P).

However, in consideration of simple operability, herein,
the correction curve 1s divided 1nto several intervals accord-
ing to the size of the UHV AC transmitting power: [P,, P,],
[P,.P;]...[P,P,_,],...,the size of the integrated network
loss rate correpsonding to the power interval [P, P, ] 1s

I

calculated through a correction relation, which 1s set as

P+ P:'H)
2 rl

nﬂﬂf’f’fﬂf(

and 1n this way, a series of power intervals and integrated
network loss rates corresponding thereto can be obtained.
The actual transmitting powers of the UHV AC demon-
stration project at present are basically maintained between
50 to 250 GW, considering that the UHV AC transmitting
powers 1n future may be greater or smaller values, the power
range 1s expanded to 30 GW to 580 GW, and 50 GW 1s
selected as an interval length, to obtain planned values of
UHV AC integrated network loss rates shown in Table 3
according to the correction curve function relation.

TABLE 3

Query table of planned values of mtegrated network
loss rates of a UHV AC demonstration project

Power Integrated
interval Corresponding network
(GW) median loss rate
30, 80] Neorrecd D) 1.91%
80, 130] Noorreed 103) 1.64%
(130, 180] Neorrecd 133) 1.49%
(180, 230] N, orrecd 205) 1.48%
230, 280] Neoorrecd 233) 1.58%
280, 330] Neorrecd 303) 1.83%
330, 3%80] Neoorrecd 333) 2.18%
380, 430] N.orrecAd05) 2.71%
430, 480] Neoorrecd 433) 3.33%
480, 530] Neorrecd J03) 4.09%
530, 580] Neorrecd 333) 4.96%

In the actual monthly planning and trading settlement of
UHV AC electricity trading, a more accurate UHV AC
monthly itegrated network loss rate can be determined by
querying Table 3 only by determining the interval according
to the size of the monthly planned average transmitting
power.

The foregoing description of the exemplary embodiments
of the present mvention has been presented only for the
purposes of illustration and description and 1s not intended
to be exhaustive or to limit the present invention to the
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precise forms disclosed. Many modifications and variations
are possible 1n light of the above teaching.

The embodiments were chosen and described 1n order to
explain the principles of the present mmvention and their
practical application so as to enable others skilled 1n the art
to utilize the present invention and various embodiments and
with various modifications as are suited to the particular use
contemplated. Alternative embodiments will become appar-
ent to those skilled in the art to which the present mnvention
pertains without departing from its spirit and scope. Accord-
ingly, the scope of the present invention 1s defined by the
appended claims rather than the foregoing description and
the exemplary embodiments described therein.

What 15 claimed 1s:

1. A method for determining an integrated network loss
rate in ultra-high voltage (UHV) AC cross-regional electric-
ity trading, comprising:

(a) obtaining a theoretical calculation valuven,, ..., of
an ntegrated network loss rate corresponding to dii-
ferent transmitting powers of an UHV AC line, accord-
ing to a formula of:

ﬁpﬁ + ﬁPC + QPT
Miheoretical = P

wherein P 1s an UHV AC transmitting power, AP, 1s a
resistive loss of the UHV AC line, AP, 1s an energy
loss for a main transformer of a UHV AC system; AP .
1s a corona loss of the UHV AC line;

(b) curve-fitting diflerent transmitting powers of the UHV
AC line and the corresponding theoretical calculation
values M. ......; 0 1ntegrated network loss rates by
using the least square method 1n a rectangular coordi-
nate system where the abscissa 1s the UHV AC trans-
mitting power and the ordinate 1s the integrated net-
work loss rate, to obtain a fitted curve m,(P)=a,+b,x
P+c,xP® of relationships between the theoretical
calculation values of UHV AC integrated network loss
rates and transmitting powers;

(¢) according to gateway power statistical data, determin-
Ing an average transmitting power within respective
different-duration time periods of the UHV AC system

and calculating an actual calculation valuer,, . ,of the
corresponding integrated network loss rate 1n each time
period, according to a formula of:

SO(+)+ ) RO:(—)
g 2Ol
Hactual = Q — ZSQIU‘)

wherein AQ 1s the total network loss power of the UHV
AC system 1n each time period, Q 1s the total power-
giving of the UHV AC system 1n the time period;

2.5¢

i

1s the sum of power-giving of pressure-side gateways 1n
all UHV main transformers 1n the time period, and
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5
1s the sum of power-recerving of the pressure-side

gateways 1n all UHV main transformers in the time
period;

(d) curve-fitting the UHV AC average transmitting pow-
ers and the corresponding actual calculation values
actual of v, _. . integrated network loss rates by using
the least square method 1n a rectangular coordinate
system where the abscissa 1s the UHV AC transmitting,
power and the ordinate 1s the integrated network loss
rate, to obtain a fitted curve n,(P)=a, +b,xP+c,xP* of .
relations between the actual calculation values of UHV
AC integrated network loss rates and transmitting pow-
ers;

(e) selecting n+1 points, [P,, n,(P)], [P..m,(P5)] ... [P.
(Pl ... [P, mi(P,, )], from the fitted curve of ,,
relations between the theoretical calculation values of
UHV AC mtegrated network loss rates and transmitting,
powers, wherein P, 1s the minimum transmitting power

of the UHV AC line, P, _, 1s the maximum transmitting
power of the UHV AC line,

10

25

N (P — P)X(i—1)
n "

P, =P,

30
1=1, 2, . .., n, n+1; then selecting n+1 points with the
same abscissa, [P,, n-.(P,)], [P,, n-(P,)] . . . [P,
n-(P)l, . .. [P,_;s N.(P, . )], from the fitted curve of
relations between the actual calculation values of UHV
AC integrated network loss rates and transmitting pow-
ers, through geometric average correction, obtaining

35

points, ,
[P VN1 (Pomo (Pl [Pza\/nlr(Pz)nz(Pzz)] . [Py
VN PomaP)l, - - - [Prrs VPP, )]on a

correction curve, and obtaining by fitting a correction 49
relation 1__..._(P)=a,+b,xP+c.xP> between UHV AC
integrated network loss rates and transmitting powers

16

by using the least square method 1n a rectangular
coordinate system where the abscissa 1s the UHV AC
transmitting power and the ordinate 1s the integrated
network loss rate;

(1) for UHV AC transmission projects with gateway
power historical statistical data, 1n transaction planming,
and settlement thereof, substituting UHV AC planned
average fransmitting powers 1n a fransaction time
period into the correction relation 1. ... (P)=a,+b;x
P+c,xP?, to obtain planned values of UHV AC inte-
grated network loss rates; for UHV AC transmission
projects without gateway power historical statistical
data, 1n transaction planning and settlement thereof,
substituting a UHV AC planned average transmitting,
power 1n a transaction time period into a theoretical
calculation wvalue fitted curve function relation
N, (P)=a,+b,xP+c,xP~ , to obtain calculating values of
UHV AC ntegrated network loss rates; and

(g) 1 the UHV AC cross-regional electricity trading,
applying the integrated network loss rates to line loss
management and trading settlement of electricity trad-
ing of UHV AC transmission projects.

2. The method for determining the integrated network loss
rate in the UHV AC cross-regional electricity trading
according to claim 1, wherein a method for dividing the
respective time periods in step (¢) comprises: recording
changes of the UHV AC transmitting powers with hour data
on the hour, the transmitting power of the starting hour on
the hour 1n each time period being an initial power, and

when varying amplitude of the transmitting power of the
subsequent hour on the hour reaches a % of the mitial power,
entering into next time period.

3. The method for determining the integrated network loss
rate 1n the UHV AC cross-regional electricity trading
according to claim 2, wherein the a % 1s a value between 5%
and 10%.

4. The method for determining the integrated network loss
rate 1n the UHV AC cross-regional electricity trading

according to claim 1, the n in step (e) is € {20, 21,
22, ..., 200}
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